
The general geology of the area, with particular reference to the main geologic formations underlying the site and the possibility of subsidence from mineral extraction or other causes.
The previous history and use of the site, including information on any defects or failures of existing or former buildings attributable to foundation conditions.  Any special features such as the possibility of earthquakes or climate factors such as flooding, seasonal swelling and shrinkage, permafrost, and soil erosion. 
The availability and quality of local construction materials such as concrete aggregates, building and road stone, and water for construction purposes.  For maritime or river structures, information on tidal ranges and river levels, velocity of tidal and river currents, and other hydrographic and meteorological data.  A detailed record of the soil and rock strata and groundwater conditions within the zones affected by foundation bearing pressures and construction operations, or of any deeper strata affecting the site conditions in any way. (Jha, 2010) An approach for organizing a site investigation assessment is given In Table 2 . Geotechnical site characterization requires a full 3-D representation of stratigraphy (including variability), estimates of geotechnical parameters and hydrogeological conditions and properties (Campanella, 2008) . The natural materials that constitute the earth's crust are rather arbitrarily divided by engineers into two categories, soil and rock. Soil is a natural aggregate of mineral grains that can be separated by such gentle mechanical means as agitation in water (Terzaghi and Peck, 1967) . in a dynamic sense, seismic waves generated at the source of an earthquake propagate through different soil horizons until they reach the surface at a specific site. The travel paths of these seismic waves in the uppermost soil layers strongly affect their characteristics, producing different effects on earthquake motion at the ground surface. Local amplification caused by surficial soft soils is a significant factor in destructive earthquake motion. Frequently, site conditions determine the types of damage from moderate to large earthquakes (Bard, 1998; Pitikalis, 2004; Safak, 2001 (Head, 1986) The design of a foundation, an earth dam, or a retaining wall cannot be made intelligently unless the designer has at least a reasonably accurate conception of the physical properties of the soils involved. The field and laboratory investigations required to obtain this essential information constitute soil exploration (Ozcep, 2010) . There are several soil problems at local and regional scale related to the civil engineering structures (Ozcep, F. and Zarif, H., 2009; 2010a, b, c Korkmaz and Ozcep, 2010) .
Subsurface exploration
In order to obtain the detailed record of the soil/rock media and groundwater conditions at the site, subsurface exploration is usually required. Types of subsurface exploration are the borings, test pits, and trenches. Many different types of samplers are used to retrieve soil and rock specimens from the borings. 
Standard Penetration Test (SPT)
The Standard Penetration Test (SPT) consists of driving a thick-walled sampler into a sand deposit. The measured SPT N value can be influenced by many testing factors and soil conditions. For example, gravel-size particles increase the driving resistance (hence increased N value) by becoming stuck in the SPT sampler tip or barrel. Another factor that could influence the measured SPT N value is groundwater (Day, 2006).
Cone Penetration Test (CPT)
The idea for the Cone Penetration Test (CPT) is similar to that for the Standard Penetration Test, except that instead of a thickwalled sampler being driven into the soil, a steel cone is pushed into the soil. There are many different types of cone penetration devices, such as the mechanical cone, mechanical-friction cone, electric cone, seismic and piezocone (Day, 2006) .
Geophysical tests
Broadly speaking, geophysical surveys are used in one of two roles. Firstly, to aid a rapid and economical choice between a number of alternative sites for a proposed project, prior to detailed design investigation and, secondly, as part of the detailed site assessment at the chosen location. Geophysical methods also have a major role to play in resource assessment and the determination of engineering parameters. The recently issued British Code of Practice for Site Investigations (BS 5930:1999) sets out four primary applications for engineering geophysical methods: 1. Geological investigations: geophysical methods have a major role to play in mapping stratigraphy, determining the thickness of superficial deposits and the depth to engineering rockhead, establishing weathering profiles, and the study of particular erosional and structural features (e.g. location of buried channels, faults, dykes, etc.). 2. Resources assessment: location of aquifers and determination of water quality; exploration of sand and gravel deposits, and rock for aggregate; identification of clay deposits. 3. Determination of engineering parameters: such as dynamic elastic moduli needed to solve many soil-structure interaction problems; soil corrosivity for pipeline protection studies; rock rippability and rock quality. 4. Detection of voids and buried artefacts: e.g. mineshafts, natural cavities, old foundations, pipelines, wrecks at sea etc.
Seismic tests
Seismic tests are conventionally classified into borehole (invasive) and surface (noninvasive) methods. They are based on the propagation of body waves [compressional (P) and/or shear (S)] and surface waves [Rayleigh (R)], which are associated to very small strain levels (i.e. less than 0.001 %) (Woods, 1978) . Seismic surveys provide two types of information on the rock or soil mass (McCann et al, 1997) :
 Seismic refraction and reflection surveys may be carried out to investigate the continuity of geological strata over the site and the location of major discontinuities, such as fault zones.  From measurements of the compressional and shear wave velocities it is possible to determine the dynamic elastic moduli of the soil/rock mass and estimate its degree of fracturing
Electrical resistivity measurements
Electrical depth soundings are effective in horizontal stratified media, since the spatial distribution of the electrical current in the ground and, hence, the depth of investigation depends on the configuration of the array and the spacing of the electrodes. When using a Standard Wenner or Schlumberger array the depth of investigation increases with the current electrode spacing and this gives rise to an electrical resistivity depth section which can be related to the geological structure beneath the survey line (McCann et al , 1997) .
Laboratory testing
In addition to document review, subsurface exploration and filed tests, laboratory testing is an important part of the site investigation. The laboratory testing usually begins once the subsurface exploration and tests is complete. The first step in the laboratory testing is to log in all of the materials (soil, rock, or groundwater) recovered from the subsurface exploration. Then the engineer prepares a laboratory testing program, which basically consists of assigning specific laboratory tests for the soil specimens (Day, 2006) .
Index tests
Index tests are the most basic types of laboratory tests performed on soil samples.Index tests include the water content (also known as moisture content), specific gravity tests, unit weight determinations, and particle size distributions and Atterberg limits, which are used to classify the soil (Day, 2006).
Soil classification tests
The purpose of soil classification is to provide the geotechnical engineer with a way to predict the behavior of the soil for engineering projects (Day, 2006) .
Shear strength tests
The shear strength of a soil is a basic geotechnical parameter and is required for the analysis of foundations, earthwork, and slope stability problems (Day, 2006) .
On geophysical and geotechnical parameters based on site-specific soil investigations
A geotechnical study (i.e site-specific soil investigation) must be carried out for all "Wind Farm" projects. All geotechnical designs must be based on a sufficient number of borings, geophysical and geotechnical tests. At each foundation of Wind Energy System (WES), integrated use of one borehole, geophysical and geotechnical tests is strongly recommended. If some sites vary in soil features, different number of suitable boreholes is made on the edges of the proposed foundation, based on discussions and meetings with the geotechnical/geophysical/geological engineers according to the local soil characteristics. Related to the static and dynamic loads, the parameters and problems such as foundation bearing capacity, settlement, stiffness, possible degradation, soil liquefaction and amplification must be investigated in detail.
There are an interaction between tower stiffness, foundation stiffness and soil stiffness, and these are formed total stiffness of Wind Energy System (WES). Engineer requires to calculate static and dynamic coefficients of compressibility by using the soil dynamic properties such as:
; the moist density of natural soil, in case of water saturation including the water filling the pore volume, is introduced as density -· [] -Poisson's ratio. The dynamic properties of the soil material are obtained by using geophysical testing. These geophysical (spectral analysis of surface waves, seismic CPT, down-hole, seismic cross-hole seismic refraction and reflection, suspension logging, steady-state vibration) tests are based on the low-strain tests. It does not represent the non-linear or non-elastic stress strain behavior of soil materials. These studies must be performed by a qualified geophysical engineer or geophysicists. The sampling intervals of SPT (standard penetration test) should not be in excess of 1 to 1.5m. CPT (cone penetration testing tests) is recommended, because they continuously give the soil properties with depth. All soil layers that influence foundation of project must be investigated.
Soil settlement criteria
The settlement analysis is taken in to consideration as immediate elastic settlements (primer) and time-dependent consolidation (secondary) settlements. For the tower, a foundation inclination has 3mm/m permissible value after settlement. In the case of the dynamic analysis of the machine, it should be considered additional rotations of the tower base during power production. The completely vertical long-term settlement due only to the gravity weights is less than 20mm in any case. This situation should be verified by Geotechnical Engineer. The safety factor for failure of the soil material (soil shear failure) should be min.3.
Stiffness requirements
Wind Energy Structures (WES) are subject to strong dynamic stresses. Dynamic system properties, i.e. in particular the natural frequencies of the overall system consisting of the foundation, tower, machine and rotor, are therefore of particular importance for load determination. The foundation structures in interaction with the foundation soil, is modeled by approximation using equivalent springs (torsion and linear springs). Figure 1 provides a comparison between wind turbine generator system and the simplified analysis model. Each model parameter is dependent on soil properties. Over its design lifetime, the foundation of wind energy structure must provide the minimum levels of stiffness required in the foundation loads. The rotation of the foundation (and resulting maximum permissible vertical settlement of the foundation soil) under the operational forces is limited to be less than the values of rotational stiffness.
Ground water and dewatering requirements
The two properties of a rock or soil which are most important in controlling the behaviour of subsurface water are (a) how much water the rock or soil can hold in empty spaces within it, and (b) how easily and rapidly the water can flow through and out of it (McLean and Gribble, 1985) . For all required foundation excavation depths, ground water table level shall be considered. Excavation dewatering due to high ground water levels, presence of water bearing strata or impermeable materials (rock, clays, etc.) must be considered as required by specific site conditions. 
Design of wind energy systems to withstand earthquakes
Earthquakes impose additional loads on to wind energy systems. The earthquake loading is of short duration, cyclic and involves motion in the horizontal and vertical directions. Wind energy system (The tower and foundation) need to withstand earthquake forces. Earthquakes can affect these systems by causing any of the following:  Soil settlement and cracking  Liquefaction or loss of shear strength due to increase in pore pressures induced by the earthquake in systems and its foundations;  Differential movements on faults passing through the foundation  Soil amplification  Soil bearing capacity reduction The potential for such problems depend on: -
The seismicity of the project area -Soil / rock materials and topographic conditions at the site; -The type and detailed construction of the wind energy system; -The groundwater level in the wind energy system at the time of the earthquake. As shown in Figure 2 , the focal distance from an earthquake to a point on the earth's surface is the three dimensional slant distance from the focus to the point, while the epicentral distance is the horizontal distance from the epicentre to the point. Possible earthquake magnitude and these factors (epicentral distance, focal dept and focal distance) are related to the ground motion level at the project site. Fig. 2 . The focal distance from an earthquake to a point on the earth's surface.
Evaluation of seismic hazard
For a given project site, a seismic hazard evaluation is to identify the seismic sources on which future earthquakes are likely to occur, to estimate the magnitudes and frequency of occurrence of earthquakes on each seismic source, and to identify the distance and orientation of each seismic source in relation to the site. When the deterministic approach is used to characterize the ground motions for project site, then a scenario earthquake is usually used to represent the seismic hazard, and its frequency of occurrence does not directly influence the level of the hazard. In the other hand, when the probabilistic approach is used, then the ground motions from a large number of possible earthquakes are considered and their frequencies of occurrence are key parameters in the analysis (Somerville and Moriwaki, 2003) .
Probabilistic approach
Given the uncertainty in the timing, location, and magnitude of future earthquakes, and the uncertainty in the level of the ground motion that a specified earthquake will generate at a particular site, it is often appropriate to use a probabilistic approach to characterizing the ground motion that a given site will experience in the future (Somerville and Moriwaki, 2003) . The probabilistic estimation of ground motion requires the following seismicity information about the surrounding area:  The rate of occurrence and magnitude of earthquakes;  The relative proportion of small to large events (b value);  The maximum earthquake size expected  The spatial distribution of earthquake epicenters including delineation of faults
Seismic hazard from known active faults: deterministic approach
This method is used where faults in the vicinity of the wind farm can be identified. The procedure will usually include:  Identification of major faults within the vicinity of the wind farm.  Assessment of whether the faults are active or potentially active, by consideration of whether modern (including small) earthquakes have been recorded along the fault.  Assessment of the maximum earthquake magnitude on each identified fault. This will usually be determined by considering the length and/or area of the fault and the type of fault. The likely focal depth and, hence, focal distance are also estimated.
Selection of design seismic loading
There are two ways of selecting the design seismic loading: deterministic and probabilistic. Whichever approach is taken, the bedrock ground motions need to be adjusted where appropriate for amplification (or de-amplification) effects. The probabilistic approach to seismic hazard characterization is very compatible with current trends in earthquake engineering and the development of building codes. Examples of conceptual frameworks are given in Figure 3 . Fig. 3 . Seismic performance objectives for buildings (SEAOC, 1996) , showing increasingly undesirable performance characteristics from left to right on the horizontal axis and increasing level of ground motion from top to bottom on the vertical axis. Performance objectives for three categories of structures are shown by the diagonal lines (Hall et all, 1995) .
Bahce (Osmaniye, Turkey) case for wind energy systems (from Ozcep et al, 2010)
4.1 Introduction Geological observations, geophysical measurements, soil explorations, in-situ tests and laboratory tests have been performed over the study area. This survey has been realized in order to be able to decide basic systems in an element, which is one of the turbine locations of Wind Power Plant (135 MW) that is planned to be constructed in Bahçe county of Osmaniye province and in order to be used as a basis for the superstructure loads to be transferred to the soil in detail. Presentation of the location map of the site with several cities and main seismogenetic fault described in Figure 4 .1a. 
Geological framework
From the structural point of view; Amanos Mountain is located over the intersections of the tectonic zones or within the impact area of these zones which are well known world wide. At Nur Mountain, characteristic folding and faulting properties are being observed. Overturned, overthrust and canted folding in different scales are observed. Spring water and percolating water are becoming dense in the western part and are being observed over discontinuity zones depending on the structural geology. These springs and percolations have resulted important amount of decomposition over the main rock. The engineering properties of the geological units differ from one region to another depending on the structure and hydro-geology and types of rocks. Study area is near the Eastern Anatolia Fault zone which is strike slip fault zone. Eastern Anatolia Fault has not been formed of only one single fault but has been formed of as a complex fault system or zone.
Seismic hazard analysis of region
Seismic hazard analyses aim at assessing the probability that the ground motion parameter at a site due to the earthquakes from potential seismic sources will exceed a certain value in a given time period (Erdik et al, 1999, Erdik and Durukal, 2004 ). Deterministic and Probabilistic approaches are used in developing ground motions in professional practice. The deterministic approach is based on selected scenario earthquakes and specified ground motion probability level, which is usually median ground motion or median-plus-one standard deviation. The probabilistic approach encompasses all possible earthquake scenarios, all ground motion probabilities and computes the probability of the ground motion to be experienced at the site exceeding a certain value in a given time period. Empirical attenuation relationships are generally employed in the quantification of seismic hazard in either deterministic or probabilistic approaches (Seismic Microzonation for Municipalities: Manual, 2004). For deterministic seismic hazard analysis, two fault model are selected namely A (fault rapture is 50 km) and B faults (fault rapture is 245 km) within east Anatolian fault Zone ( Earthquake ranges for analysis were taken from 4.5 to 7.5 about 100 km radius (Table 1c) Gutenberg-Richter recurrence relationships was determined as
Earthquake occurrence probability were given by using Kalafat et al, 2007) Attenuation relationship was defined by several attenuation models (see Table 4 .1.2a). From a set of attenuation relationships, the average acceleration values of the cities was calculated with exceeding probability of 10 % in 50 years by using several attenuation models as shown in Table 4 Poisson probabilistic approach is applied to earthquake data. Table 2b . shows earthquake probability (%) for selected year by Poison distribution in the study area, and Table 2c shows ground motion level at the site exceeding (%10) in a given time period (50 years). . Ground motion probabilities show the probability of the ground motion to be experienced at the site exceeding (10%) in a given time period (50 years).
Site investigations 4.3.1 Test pits
Information has been obtained from observation purpose superficial excavations and in the laboratory evaluations, drilling samples have been used.
Drilling wells
As a result of the observations and analysis performed over the survey area and near environment, it has been planned and realized 2 drilling (SK-1 on the middle of the base, SK-2 at the edge of the base) wells with 30 meter over the area at which the construction base will be settled ( 
Surface and ground water
There is no ground or superficial water danger which could affect the basic systems of the turbine planned to be constructed over the survey area. However, the contact and interaction of the superficial water and standing water which can accumulate during and after the construction of the foundations of the turbine as a result of the seasonal precipitations should be prevented.
Field tests

SPT tests and core evaluations
Since the survey area is formed by rock units even from the surface (not suitable for SPT experiment), core samples obtained from drillings have been evaluated.
Geophysical tests
A. Seismic tests
In the seismic studies which have been performed over the soil of the survey area, mainly seismic refraction method which is used in direct and reverse shooting has been applied. Seismic measurements have been made by measuring both longitudinal (or compressional), Vp and also transversal (or shear), Vs wave velocities. Vp has been measured in order to determine the underground structural locations in horizontal and lateral directions, Vs has been measured in order to know the elastic properties. Geophone intervals in seismic measurements have been selected as 2 m. 
B. Electric resistivity applications
In the resistivity studies which are made in order to clarify the lithological structure of the soil of the survey area, SAS (signal Average System) resistivity measurement system has been used. Soil resistivity is being changed depending on the grain size, water content, porosity and permeability. At the survey area, the variation of the apparent resistivity with the depth has been analyzed by applying Vertical Electric Drilling, in the Schlumberger permutation technique with 2 AB/2 = 40 m expansion and so the structural disorder, depth, lithology, thickness of layers, underground water capacity, corrosion degree which is especially important in the structuring have been analyzed by using the resistivity differences (Table 4. 
Laboratory tests and analysis
Index / Physical Properties of the Soil / Rock
The tests which are complying with the R.T. Ministry of Public Works norms and TS1900 have been performed over the soil / rock core samples which have been taken from the boreholes that had been drilled during field surveys.
4.5 Engineering analysis and evaluations 4.5.1 Determination of soil -structure relation a. Foundation System Required laboratory studies have been made over the observations, soil excavations, geophysical applications about the mentioned foundation soil which has been analyzed regarding geotechnical perspective and the obtained parameters have been specified in the above sections. The planned structures (wind towers) are high towers having rigid bearing systems. Raft foundation will be a proper foundation solution for this project since this kind of a foundation will provide safety against differential settlements, will protect the integrity of the bearing system under the earthquake loads and dynamic wind load, as well as static loads. b. Bearing Capacity Allowable bearing capacity calculations regarding the related parameters about either soil / rock or structure have been made separately in different approaches by taking into account land data, laboratory experiment results and drilling core observations and Rock Quality Designation (RQD) values. The rock and soil formations of the environment have been taken into account in the selection of the calculation methods. At the soil / rock locations which are not convenient to provide samples proper for the experiments required for the method (especially in rock tri-axial experiment required for the Bell method), values which have been obtained from the other locations of the same unit or the known technical literature values have been taken into account. c. Settlements Even it is not expected to occur the Settlements which exceeds the acceptable limits under the load to the soil as a result of the structuring over this soil of which most parts that the structure foundation will be based are clay, silt the Settlements value of the medium which has been calculated according to the elasticity module (dynamic) and Poisson ratio values. Special attention should be given not to place the foundation over the excessive splitted, weak durable or decomposed units except the survey points during the foundation excavation and not to place the foundation over differentiated units. Before the construction and after the excavation, and during and after the construction, it is required to protect the foundation area from the superficial waters and rains and adequate discharging system should be designed. d. Liquefaction There is no ground water danger in a depth up to 20 meters which can negatively affect the foundation structure over the survey area. e. Soil Class and Other Parameters The soil of the survey area is rock formed of faulted, fractured, layered limestone units, Vs shear wave velocity (if the thin layer in the surface is ignored) which has been obtained from the Geophysical -Seismic studies has been measured in between 791-834 m/s. According to the Turkish Earthquake Code, these velocities correspond to Soil Group (A), Local Soil Class (Z1) but since these units are fractured and have frequent discontinuity intervals, it is better to classify them as B group Z2 soil class. A little bit more clarification explaining the difference between both classes is given 
Conclusions and suggestions
The following results have been obtained after the geological, geophysical, geotechnical studies performed over the area at which the Wind Power Plant turbine (Osmaniye Bahçe) will be constructed; a. In the performed observational geological surveys; as a result of the laboratory experiments performed over the core drilling applications of which the survey depth is 30 meter, geophysical seismic velocity measurements and electric sounding (resistivity) applications, samples / drilling cores obtained from the soil. b. It has been found out that there are limestone units which are gray colored, cracked and fractured, melted cellular from place to place, with rarely calcite filled cracks, c. calcite grained, with brown colored decomposition surfaces up to 7,5 meter and from this depth until 30 meters, d. it has been found out that there are limestone units which are gray colored, melted cellular, with brown colored decomposition surfaces, calcite grained from place to place, fractured, medium sometimes thick layered. e. The point load bearing of the ponderous samples of the units are in between 19, 78 kg/cm² values and the uniaxial pressure bearing are in between 125,44-358,64 kg/cm² values. Cohesion value against the main rock is (Si)=6,72 Mpa and internal friction angle is (Ø)=34,80. These data are obtained by laboratory measurements. f. Over the survey area, there is no natural disaster risk such as floods, landslides, flows, avalanches, rock fallings are not observed. g. Over the survey area, there is no underground water which could negatively affect the foundations of the turbine. There is no liquefaction hazard. h. Even it is not expected to occur the settlements which exceed the acceptable limits under the load to the soil as a result of the structuring over this soil of which most parts that the structure foundation will be based are limestone. The cracked, fractured, decomposed units at the upper parts should be removed gradually and in a controlled manner during the foundation excavation. Special attention should be given not to place the foundation over the excessive splitted, weak durable or decomposed units except the survey points. It is required to inform the designing company whenever a situation such as undesirable due to the foundation structuring or poor durability, micro faults, etc., is met different than the soil profile described in logs, in order company to get necessary precautions on time and in required locations. e) Raft (spread) foundation will be a proper foundation solution in order to be on the safe side against cracks and discontinuities, since this kind of a foundation will provide safety against differential settlements, will protect the integrity of the bearing system under the earthquake loads and dynamic wind load, as well as static loads. After the foundation excavations are completed, the upper surface of the foundation soil should be smoothly leveled and the foundation construction (in order to increase the friction) should be started by concreting over the natural soil surface. Ambraseys, N.N. & Zapotek, A. (1969) . The Mudurnu valley (West Anatolia, Turkey) earthquake of 22 July 1967, Bull. of the Seis. Soc. of Am., 59,2,521-589 p.
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